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ABSTRACT 

To  examine  the  performance  analysis  of  stitching  and  unstitching  of  a  bamboo  fiber  laminate  and  to  investigate 
the  de-lamination  resistance  of  laminates.  Unstitched,  and  stitched  specimens  were  prepared  with  orientation,  and  tensile, 
compression  and  impact  tests  were  conducted.  From  the  experiment  strength,  deformation  and  breaking  forces  were  found. 
From  the  obtained  results  it  is  found  that  the  breaking  strength  ofa  stitched  bamboo  is  greater  than  the  unstitched  specimen 
also  de-lamination  gets  reduced  due  to  stitching. 
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INTRODU  CTION 

An  extensive  literature  survey  has  been  carried  out  and  the  salient  observations  are  grouped  under  two 
major  areas  as  impact  force,  impact  damage  area  of  stitched  and  unstitched  composites.[l]On  in  plan  mechanical 
properties  of  fiber  -  reinforced  polymer  composites  are  studied  over  fifty  reviews  into  the  effect  of  thickness.[2]In- 
plane 

It  demonstrates  prediction  of  stitching  which  intluences  on  the  in-plane  properties,  it’s  governed  by  a 
variety  of  factors  and  type  of  composite,  the  stitching  conditions,  and  loading  conditions.  The  indications  of  these 
findings  for  the  use  of  stitching  in  lightweight  structures  are  discussed.  [3]  The  aim  of  evaluating  the  efficiency  of 
stitching  by  reinforcing  mechanism  to  improve  the  delaminating  resistance  of  laminates  which,  examined  by  impact 
response  of  stitched  graphite.[4]  The  low-  level  impact  was  carried  on  stitched  carbon  fiber-reinforced  plastic  which 
laminates  of  thickness,  that  behavior  studied  over  force  -displacement  curve,  penetration,  first  failure  load  and 
damage  extent.  The  results  obtained  were  compared  with  similar  data  available  for  2D  laminates.  The  material 
behavior  in  terms  of  above  properties  which  in  presents  of  stitches  don’t  affect.  A  further  impact  of  damage 
resistance  was  highly  composited  in  thickness.  The  uses  of  stitch  would  be  hinder  delaminating  in  thin  2D 
laminates. 

The  intensity  of  impact  and  material  behavior  does  not  depend  upon  the  damage  extent.  But  the  shape  and 
dimension  of  the  bodies  in  the  impact  region  and  wave  propagation.  The  elastic  indentation  on  velocity  impacts  at  a 
low  level.  To  investigate  the  mechanical  characterization  of  bamboo  fiber  epoxy  composite  laminate  and  sugar  cane 
reinforced  with  stitched  and  unstitched.  To  achieve  this  laminate  plate  will  be  prepared  and  then  make  specimen  as 
per  the  ASTM  standards.  This  specimen  will  undergo  testing  with  a  universal  testing  machine.  To  investigate  the 
Load  Vs  Displacement  and  Stress  Vs  Strain  with  both  stitched  and  un-stitched  laminate  [5].  By  stitching  process  we 
are  improving  the  strength  in  GFRP  material  along  with  bamboo  fiber  and  sugar  cane  powder  and  delamination  gets 
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reduced  in  it  and  also  stiffness  is  increased.  And  also  we  are  going  to  compare  the  results  for  both  stitched  and  unstitched 
laminate  [6]. 

SELECTION  OF  MATERIALS 

Bamboo  fiber  are  natural  fiber  composites,  which  are  low  cost  fiber  with  specific  properties,  low  density,  and  eco- 
friendly.  From  the  figurel  we  are  using  both  gfrp  and  bamboo  fiber  for  better  improvement  in  glass  fiber  materials.  Glass 
fiber  reinforced  plastic  material  of  unidirectional  matt  is  selected  because  these  are  strong  lightweight  material  and  it’s  bulk 
strength  and  weight  are  also  better  than  many  metals.  [7]  The  uses  of  bamboo  fiber  and  additive  in  biopolymer  for 
construction.  The  bamboo  fabrics  for  clothing  which  extracted  through  mechanical  needling  and  scraping  and  placed  under 
pressure  in  the  steam  explosion  process.  An  atmosphere  where  exposed  to  detonation  due  to  steam  release  for  the 
collection  of  bamboo  fiber.[8]The  material  is  extremely  fine  and  powdered  state  of  bamboo  fiber  material. 

As  a  natural  substance  derived  from  plant  cellulose,  bamboo  fiber  is  decomposed  in  soil  by  microorganisms  and 
sunlight.  The  response  of  a  composite  to  tensile  loads  is  very  dependent  on  the  tensile  stiffness  and  strength  properties  of 
the  reinforcement  fibers.  Atest  was  carried  out  with  the  help  of  UTM  (Universal  Testing  Machine). 

The  Tensile  load  applied  to  a  composite. 

Hydraulic  testing  machines  are  based  on  either  a  single  or  dual-acting  piston  that  moves  the  crosshead  up  or 
down.  The  static  hydraulic  testing  machines  have  a  single  acting  piston  or  ram.  The  operator  adjusts  the  orifice  of  a 
pressure-compensated  needle  valve  to  control  the  rate  of  loading.  In  a  closed-loop  hydraulic  servo  system,  the  needle  valve 
is  replaced  by  an  electrically  operated  servo  valve  for  precise  control 

An  electromechanical  machine  are  consists  of  variable-speed  electric  motor;  a  gear  reduction  system;  and  one, 
two,  or  four  screws  that  move  the  crosshead  up  or  down 

The  tensile  load  applied  to  a  composite.  The  response  of  a  composite  to  tensile  loads  is  very  dependent  on  the 
tensile  stiffness  and  strength  properties  of  the  reinforcement  fibers,  since  these  are  far  higher  than  the  resin  system  on  its 
own. 

Having  reached  the  end  of  its  useful  life,  clothing  made  from  bamboo  can  be  composted  and  disposed  of  in  an 
organic  and  environmentally  friendly  manner.  [9]Synthetic  fiber  such  as  nylon,  polyester  and  rayon  are  not  biodegradable 
and  remain  in  landfill  for  longer. 

To  develop  the  bio-composites  with  improved  performance  for  global  applications.  The  bagasse  waste  can  be 
used  to  prepare  fiber  reinforced  polymer  composites 

This  study  examines  the  effect  of  stitching  on  the  impact  performance  of  a  class  of  graphite/epoxy  cross-ply 
laminates  with  the  aim  of  investigating  the  ability  of  through-  thickness  reinforcement  to  improve  the  delamination 
resistance  of  laminates.  Unstitched,  and  stitched  rectangular  specimens  (65  mm  •  87.5  mm)  were  simply  supported  by  a 
steel  plate  having  a  rectangular  opening  45  mm  •  67.5  mm  in  size  and  impacted  at  the  center  with  energies  ranging  between 
1  and  13  tensile,  compressive,  flexure,  inter  laminar  shear,  creeps  and  fatigue  properties,  although  little  work  has  been 
undertaken  on  the  last  three  properties.  When  comparing  studies  it  is  apparent  that  many  contradictions  exist:  some  studies 
reveal  that  stitching  does  not  affect  or  may  improve  slightly  the  in-plane  properties  while  others  find  that  the  properties  are 
degraded. 
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Bamboo  fabrics  are  advertised  as  antibacterial,  which  does  not  retain  all  bamboo’s  original  property.  In  research, 
antibacterial  agents  are  being  added  to  the  bamboo  fabric  to  increase  its  antibacterial  properties.  An  epoxy  is  polymer 
materials  are  based  on  mechanically  powerful,  chemical  resistants  in  highly  adhesive  from  liquid  to  solid. 

From  the  figure  2.  The  type  of  epoxy  resins  and  hardener  and  also  sugar  cane  powder  are  used  for  the  better 
preparation  of  specimens. 


Figure  1:  GFRP  with  Bamboo  Fiber 


Figure  2:  EPOXY  EL2  and  HARDENER  AT30 


EPOXY  EL2  is  selected,  and  Hardener  of  AT30  is  selected  in  a  100:10  ml  ratio[ll].  In  separate  containers,  resin 
and  hardener  are  supplied.  If  they  combined  in  exactly  right  quantities  with  relative  ratios,  but  by  stirring  in  order  the 
individual  molecules  are  brought  into  contact  with  each  other  and  then  the  reaction  initiated  to  proceed  the  'cure'. 
The  chemical  links  up  with  too  much  of  either  component  which  affects  the  material  and  mixes  remaining  softer,  it  will 
easily  be  identified  by  a  user.  A  com  Sugarcane  powder  is  extracted  from  sugar  cane  grass,  which  is  renewable  and  natural 
agricultural  resource  because  it  provides  sugar,  myriad  of  products/co-products  with  ecological  sustainability. 

To  a  solid  high-performance  plastic  material  which  cures  the  epoxies  of  conversation  of  liquid  resin  and  hardener 
components.  From  the  figure  4,  epoxy  and  hardener  are  mixed  in  current  proportion  for  their  user.  Once  the  components 
are  measured  in  the  correct  ratio  to  each  other  of  the  initiated  cure  and  mix  well  together.  The  cure  of  all  epoxies  is  an 
exothermic  process  where  heat  is  liberated  as  a  natural  consequence  of  the  chemical  reaction.  Using  epoxies  efficiently  is 
dependent  upon  handling  the  product  in  the  correct  way  by  avoiding  wastage  and  premature  cure,  and  the  basic  chemistry 
and  the  various  stages  of  chemical  transformation  can  be  achieved. 

If  the  hardener  and  the  resin  will  become  thick  to  measure  and  mix  due  to  the  storage  temperature  is  too  cold. 
The  viscosity  of  resin  'syrup'  is  too  thick  to  use  and  warmed  until  the  motor  oil  consistency  become  thin.  [12]Resin  and 
hardener  temperature  is  above  15°C,  but  18-25°C  is  considered  as  ideal.  The  containers  are  stored  at  room  temperature  or 
warming  the  content  to  use  by  safe  heater.  The  professional  user  who  has  limited  heating  facilities  can  construct  a  heated 
cabinet  as  an  economical  method.  In  fact,  for  every  10°C  rise  in  temperature,  the  reaction  rate  will  double.  In  order  that 
epoxies  can  be  fitted  into  a  wide  spectrum  of  uses  and  temperature  requirements,  most  epoxies  usually  have  two  or  more 
hardeners  giving  different  reaction  speeds.  The  user  should  acquaint  him  with  the  expected  working  characteristics  given 


www.tivrc.ors 


editor@tjprc.  org 


1098 


R.  Siva,  M.  Anish,  S.  Yuvaraja  &  G.  Mathiselvan 


by  each  system  before  commencing  the  work.  The  relevant  information  is  included  in  the  product  data  sheet.  Ideally,  no 
epoxy  should  be  left  to  cure  at  a  temperature  of  below  or  lower  than  12-15°C 

PROCEDURE  FOR  LAMINATE  PREPARATION 

From  the  below  figure  4  we  should  take  the  gfrp  unidirectional  matt  and  should  cut  in  a  size  of  300X300  mm  for 
both  the  unstitched  and  stitched  specimen.  In  this  we  should  take  4  layers  of  gfrp  for  unstitched  specimen  and  for  stitched  3 
layers  is  essential.  Bamboo  fiber  cloth  of  300X300  mm  and  gfrp  of  300X300  mm  is  to  take.  In  this  we  have  to  take  3  layers 
of  bamboo  fiber  cloth  and  gfrp  of  4  layers.  On  every  gfrp  material  we  have  to  place  bamboo  fiber.  In  this  alternately  we 
have  to  place  these  to  materials. 


Figure  3:  GFRP  Unidirectional  Matt  Figure  4:  Bamboo  Fibre  Cloth  for  Stitched 
for  Unstitched  Laminate  Laminated  is  Placed  on  the  Gfrp  Material 

From  the  below  figure  2.11,  we  have  to  apply  the  epoxy  for  stitched  laminate  with  a  mixture  of  5%  of  sugar  cane 
powder  in  it.  And  at  last  add  a  load  of  10  kg  on  it  and  place  at  a  room  temperature  of  about  18-20  hrs.  And  after  that  take  it 
out.  The  epoxy  and  hardener  are  mixed  in  the  ratio  of  100:10  ml  for  both  stitched  and  unstitched  specimens.  And  also  for 
stitched  laminate  we  have  to  add  sugar  cane  powder  up  to  5%  in  epoxy  resin  mixture  for  better  improvement  in  strength. 


Figure  5:  Stitched  Laminate  of  Thickness  7mm 

From  the  below  figure  5,  stitching  is  done  of  a  thickness  of  7mm,  and  this  stitching  is  mainly  carried  out  by  the 
cotton  yarn  thread  in  parallel  direction.  From  the  below  figure  2.10,  we  have  apply  to  epoxy  for  lst  layer  of  gfrp  and  after 
that  2nd  layer  and  after  that  sequentially  remaining  layers  have  to  be  placed  and  apply.  And  at  last  add  some  10  kg  of  load 
on  it  and  keep  it  at  room  temperature  of  about  18-20  hrs. 

TESTING  ANALYSIS 


Figure  6:  Stress  Strain  Curve 
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The  static  type  of  load  is  increased  slowly  from  zero  to  a  certain  value  and  the  standard  specimen  is  used  for 
tension  test.  The  two  types  of  standard  specimen  arelg  =  gauge  length  of  the  specimen  on  which  determine  the  mechanical 
properties  and  The  uniaxial  tension  test  which  is  carried  out  on  a  tensile  testing  machine. 

A  test  was  carried  out  with  the  help  of  UTM  (Universal  Testing  Machine) 

The  one  of  the  most  common  testing  machines  is  universal  tester  which  tests  materials  in  tension,  compression  or 
bending.  The  primary  function  is  used  to  create  the  stress-strain.  Testing  machine  can  be  either  electromechanical  or 
hydraulic.  The  method  of  different  principal  which  applied  the  load.  The  specimen  of  motion  load  is  in  tension  or 
compression.  If  the  speed  of  the  motor  changed  and  then  the  crosshead  speed  also  gets  changed.  In  Microprocessor,  the 
closed-loop  servo  system  can  control  the  accurate  speed  of  the  crosshead. 


Figure  7:  Stitched  Laminate  Figure  8:  Final  Stitched  Laminate 


From  the  figure  7,  8  we  are  preparing  the  specimen  according  to  ASTM  standards  for  tensile  test  and  compression 
test  as  250mmX25mm  and  for  charpy  impact  test  as  10mmX80mm 

RESULTS 

The  Glass  fiber  laminate  is  prepared  using  epoxy.  The  dimensions  of  glass  fiber  used  is  300*300  mm,  the 
laminate  is  made  about  5mm  thick,  which  almost  uses  eight  sheets  of  glass  fiber.  The  resin  used  is  epoxy  EL2  an  adhesive 
hardener  AT  30.  They  are  mixed  into  the  resin  to  hardener  ratio  of  10:1.  The  mixture  is  continuously  stirred  until  the  entire 
preparation  is  completed.  The  specimens  are  made  as  per  ASTM  standards  and  undergone  for  testing. 

Tensile  Testing 

The  composite  of  tensile  loads  is  dependent  upon  the  response  on  the  tensile  stiffness  and  of  reinforcement  fibers. 
Atest  was  carried  out  with  the  help  of  UTM  (Universal  Testing  Machine).  The  Tensile  load  applied  to  a  composite. 
The  Tensile  load  applied  to  a  composite.  The  response  of  a  composite  to  tensile  loads  is  very  dependent  on  the  tensile 
stiffness  and  strength  properties  of  the  reinforcement  fibers.  Atest  was  carried  out  with  the  help  of  UTM  (Universal  Testing 
Machine).  The  testing  was  done  at  Microlab,  Ambattur.  And  the  results  are  as  follows 


Table:  1:  Tensile  Test  of  GFRP-UNSTITCHEDS1 


Specimen  Number 

GFRP-UNSTITCHED  S1 

Size 

26.44*5.24 

Area 

138.55 

Type 

FLAT 

UTL 

52.790 

UTS 

381 

Table  2:  Tensile  Test  of  GFRP-UNSTITCHEDS2 
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Specimen  Number 

GFRP-UNSTITCHED  S2 

Size 

22.26*5.12 

Area 

113.86 

Type 

FLAT 

UTL 

59.445 

UTS 

522 

Compressiye  Testing 

When  a  beam  having  an  arbitrary  cross  section  is  subjected  to  a  transverse  load  the  beam  will  bend.  A  three  -point 
bending  is  used  to  determine  the  compressive  strength  of  the  specimen 

Table  3:  Tensile  Test  of  GFRP-UNSTITCHEDS1 


Specimen  Number 

GFRP-UNSTITCHED  S1 

Size 

23.38*5.26 

Area 

122.98 

Type 

FLAT 

UTL 

1.780 

UTS 

14 

Table  4:  Tensile  Test  of  GFRP-UNSTITCHEDS2 


Specimen  Number 

GFRP-UNSTITCHED  S2 

Size 

22.21*5.25 

Area 

116.60 

Type 

FLAT 

UTL 

2.10 

UTS 

18 

GFRP  &  BAMBOO  FIBER  STITCHED  LAMINATE 


The  GFRP&  bamboo  fiber  laminate  is  prepared  using  glass  fiber,  epoxy,  and  sugar  cane  fiber.  The  dimensions 
used  are  300*300  mm,  the  laminate  is  made  about  3mm  thick  which  almost  uses  four  sheets  of  glass  fiber  and  3  sheets  of 
bamboo  fiber  which  is  about  2mm  thick.  The  resin  used  is  epoxy  EL2  an  adhesive  hardener  AT30  and  sugarcane  powder. 
They  are  mixed  in  the  resin  to  hardener  ratio  of  10:1  with  the  5%  of  sugarcane  powder  in  it.  The  mixture  is  continuously 
stirred  until  the  entire  preparation  is  completed.  The  specimens  are  made  as  per  ASTM  standards  and  undergone  for  testing 

TENSILE  TEST 

The  Tensile  load  applied  to  a  composite.  The  composite  of  tensile  loads  is  dependent  upon  the  response  on  the 
tensile  stiffness  and  of  reinforcement  fibers.  A  test  was  carried  out  with  the  help  of  UTM(Universal  Testing  Machine). 

Table  5:  Tensile  Test  of  GFRP-STITCHEDS1 


Specimen  Number 

GFRP-STITCHED  S1 

Size 

23.20*4.70 

Area 

109.04 

Type 

FLAT 

UTL 

40.47 

UTS 

371 

COMPRESSION  TEST 
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When  the  beam  of  cross  section  is  subjected  to  bending  in  a  transverse  load  beam.  A  three  point  bending  is  used 
to  determine  the  compressive  strength  of  the  specimen 

Table  6:  Compressiye  Test  of  GFRP-STITCHEDS1 


Specimen  Number 

GFRP-STITCHED  S1 

Size 

23.80*4.70 

Area 

111.86 

Type 

FLAT 

UTL 

2.610 

UTS 

23 

Table  7:  Compressiye  Test  of  GFRP-STITCHEDS2 


Specimen  Number 

GFRP-STITCHED  S1 

Size 

23.80*4.70 

Area 

103.71 

Type 

FLAT 

UTL 

2.520 

UTS 

24 

LOAD  YS  DISPLACEMENT  GRAPHS 


From  the  graphs  we  can  compare  and  prove  how  much  the  load  has  been  involved  in  Tensile  and  compression 


tests 


Figure  9:  Load  vs  Displacement  Figure  10:  Load  vs  Displacement 

Curve  for  Unstitched  Specimen  1  Curve  for  Stitched  Specimen  1 


Stress  vs  Strain  Graphs 

From  the  graphs  we  can  compare  and  prove  how  much  the  load  has  been  involved  in  Tensile  and  compression 

tests 


strain 


striin 


Figure  13:  Stress  vs  Strain  Curve 
for  Unstitched  Specimenl 


Figure  14:  Stress  vs  Strain  Curve 
for  Stitched  Specimenl 


IMPACT  TEST 

Static  tension  tests  of  the  unnotched  specimen's  do  not  always  reveal  the  susceptibility  of  the  composite  to  brittle 
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fracture.  The  specimen  is  placed  on  its  supports  on  anvil  so  that  blow  of  the  striker  is  opposite  to  the  notch  the  impact 
strength  is  defined  as  the  energy  A,  required  to  rupture  the  specimen.  From  the  above  results,  compression  and  impact  tests 
for  stitched  specimen  has  more  strength  and  stiffness  than  the  unstitched  specimen.  Tensile  test  failures  because  of  de- 
lamination  occu 
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m 
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CONCLUSIONS 

Glass/epoxy  and  bamboo  fiber  along  with  sugar  cane  powder  laminates  are  used  for  better  improving  the  strength 
in  fiber.  A  cotton,  polyster  thread  was  used  to  stitch  prepare  layers  in  the  fiber  direction  with  stitch  density  of  6 
stitches/cm2.  The  specimens  were  tested  at  different  Test  as  discussed  above.  The  Strength  and  breaking  Loads  and 
displacement  was  evaluated  by  using  backlighting  technique.  The  following  conclusions  were  drawn  on  the  impact 
response  of  the  unstitched  and  stitched  laminates. 

For  the  above  impact,  force  evaluates  by  drawing  a  graph  Load  vs  Deformation  of  both  stitched  and  unstitched 
laminates.  From  the  graph,  the  peak  force  of  unstitched  laminate  is  more  than  the  stitched  laminates  in  a  tensile  test.  But 
for  the  compression  and  impact  tests,  we  improve  the  strength  in  stitched  laminates  of  bamboo  fiber.  Stitching  of  the 
laminate  will  further  improve  the  resistance,  Also  from  the  above  -obtained  results,  we  may  conclude  stitched  laminate  is 
more  strengthening  than  the  un-stitched  laminates. 

REFERENCES 

1.  A.  P.  MouritzaS,  et  al  (1997)  A  review  of  the  effect  of  stitching  on  the  in-plane  mechanical  properties  of  fibre-reinforced 
polymer  composites.  ELSEVIER  PII:  S1359-835X  (97)00057-2. 

2.  F.  Aymerich,  et  al  (2007)  Damage  response  of  stitched  cross-ply  laminates  under  impact  loadings.  ELSEVIER  Engineering 
Fracture  Mechanics  74  (2007)  500-514. 

3.  F.  Aymerich,  et  al  (2006)  Ejfect  of  stitching  on  the  low-velocity  impact  response  of  [03/903] s  graphite/epoxy  laminates. 
ELSEVIER  Composites:  PartA  38  (2007)  1174-1182. 

4.  Giovanni  Belingardi,  et  al  (2003)  Influence  of  the  laminate  thickness  in  low  velocity  impact  hehavior  of  composite  material 
plate.  ELSEV1ER  Composite  Structures  61  (2003)  27-38. 

5.  Mehmet  Aktas,  et  al  (2009)  An  experimental  investigation  of  the  impact  response  of  composite  laminates.sciencedirect.com 
Composite  Structures  87  (2009)  307-313. 


r  in  it  and  also  low  strength  developed  in  it. 


Figure  15:  Stress  vs  Strain  Curve 
for  Unstitched  Specimen2 


Figurel6:  Stress  vs  Strain  Curve 
for  Stitched  Specimen2 


Impact  Eactor  (JCC):  6.8765 


NAAS  Rating:  3.11 


Experimental  Iwestigation  ofStitched  and  Unstitched 
Bamboo  Eiber  Using  Sugarcane  Powder 


1103 


6.  Tien-Wei  Shyr,  et  al  (2003)  Impact  resistance  and  damage  characteristics  of  composite  laminates.  ELSEVIER  Composite 
Structures  62  (2003)  193-203. 

7.  V.  Lopresto,  et  al  (2006)  Ejfect  of  stitches  on  the  impact  behaviour  of  graphite/epoxycomposites.  Sciencedirect.com 
Composites  Science  and  Technology  66  (2006)  206-214. 

8.  Almir  Sales,  Sofia  Araujo  Lima,  “Use  of  Brazilian  sugarcane  bagasse  ash  in  concrete  as  sand  replacement,, ,  Waste 
Management  30  (2010),  pp.l  114-1 122 

9.  Anurag  Shrivas,  Devansh  Jain,  Rajesh  Joshi,  u Application  of  Dijferent  Waste  in  Concrete  as  a  Partial  Replacement  of 
Cement”,  International  Journal  ofScience  Technology  &  Engineering,  Vol.  2,  Issue  3,  Sept.  2015,  pp89-107 

10.  W.  Wang,  M.  Sain,  P.  A.  CooperStudy  ofmoisture  absorption  in  natural  fiber  plastic  composites  Compos  Sci  Technol,  66  (3- 
4)  (2006),  pp.  379-386 

11.  H.  Dhakal,  Z.Y.  Zhang,  M.  O.  W.  RichardsonEffect  ofwater  absorption  on  the  mechanical  properties  ofhempfibre  reinforced 
unsaturated  polyester  composite 

12.  S.  Joshi,  L.  Drzal,  A.  Mohanty,  S.  AroraAre  natural  fiber  composites  environmentally  superior  to  glass  fiber  reinforced 
composites?  Compos  A  Appl  Sci  Manuf,  35  (3)  (2004),  pp.  371-376 

13.  P.  Saha,  S.  Manna,  S.  R.  Chowdhury,  R.  Sen,  D.  Roy,  B.  AdhikariEnhancement  of  tensile  strength  of  lignocellulosic  jute 
treatmentBioresour  Technol,  101  (9)  (2010),  pp.  3182-3187 

14.  C.  Manalo,  E.  Wani,  N.  A.  Zukarnain,  W.  Karunasena,  K.  LauEjfects  of  alkali  treatment  and  elevated  temperature  on  the 
mechanical  properties  of  bamboo  fibre-polyester  composites  Compos  Part  B  Eng,  80  (2015),  pp.  73-83 

15.  A.  C.  Karmaker,  J.  P.  ShneiderMechanical  performance  of  short  jute  fibre  reinforced  polypropylene  J  Mater  Sci 
Lett,  15  (3)  (1996),  pp.  201-202 

16.  Daly,  N.  Hfaied,  M.  Zidi,  B.  Guelorget,  R.  BoukhiliNanoindentation  of  dry  and  aged  pultruded  composites  containing  fillers 
and  low  profile  additives  Polym  Compos,  29  (11)  (2008),  pp.  1218-1226 

17.  T.  Alomayri,  H.  Assaedi,  F.  U.  A.  Shaikh,  I.  M.  LowEjfect  ofwater  absorption  on  the  mechanical  properties  of  cotton  fabric- 
reinforced  geopolymer  composites  J  Asian  Ceram  Soc  (2014 

18.  M.  M.  Kabir,  H.  Wang,  K.  T.  Lau,  F.  CardonaChemical  treatments  on  plant-based  natural  fibre  reinforced  polymer 
composites:  an  overview  Compos  Part  B  Eng,  43  (7)  (2012),  pp.  2883-2892 

19.  N.  Graupner,  A.  S.  Herrmann,  J.  MiissigNatural  and  man-made  cellulose  fibre-reinforced  poly(lactic  acid)  (PLA)  composites: 
an  overview  about  mechanical  characteristics  and  application  areasCompos  PartAAppl  Sci  Manuf,  40  (6-7)  (2009),  pp.  810- 
821 

20.  Z.  N.  Azwa,  B.  E.  Yousif  Characterisation  of  kenaf  fibre/epoxy  composites  subjected  to  thermal  degradation  Malays  Postgrad 
Conf  (2013),  pp.  256-264 

21.  Marques  da  Silva  J.  R.,  Alexandre  C.  2004.  Soil  carbonation  processes  as  evidence  of  tillage-induced  erosion.  Soil  and  Tillage 
Research.  78:  217-224.  doi:10.1016/j.still.2004.02.008. 

22.  Blanco-Canqui  H.,  Lal  R.  2010.  Tillage  Erosion.  Principles  of  Soil  Conservation  and  Management  Dordrecht.  Springer.  pp. 
109-135.  doi:  10.1007/978-1-4020-8709-7. 

23.  Wysocka-Czubaszek  A.,  Czubaszek  R.  2014.  Tillage  erosion:  the  principles,  controlling  factors  and  main  implications  for 
future  research.  Journal  of  Ecological 


www.tjyrc.ors 


editor@tjprc.  org 


1104 


R.  Siva,  M.  Anish,  S.  Yuvaraja  &  G.  Mathiselvan 


24.  Engineering.  15:  150-159.  doi:  10.12911/22998993.1125470. 

25.  Babanin  V.  F.,  Trukhin  V.  I.,  Karpachevskii  L.  O.,  Ivanov  A.  V.,  Morozov  V.  V.  1995.  Soil  Magnetism.  Moscow.  Yaroslavl. 
YaGTU.  p.  222.  [In  Russian]. 

26.  Evans  M.  E.,  Heller  F.  2003.  Environmental  Magnetism:  Principles  and  Applications  of  Enviromagnetics.  San  Diego.  Acad. 
Press.  p.  311. 

27.  Liu  Q.,  Robersts  A.  P.,  Larrasoaha  J.  C.,  Banerjee  S.  K.,  Guyodo  Y.,  Tauxe  L.,  Oldfield  E.  2012.  Environmental  magnetism: 
Principles  and  applications.  Rev.  Geophys.  50:  1-50.  doi:  10.1 029/20 12RG0003 93. 

28.  Vodyanitskiy  Yu.  N.  2003.  Chemistry  and  Mineralogy  of  the  Soil  Iron.  Moscow.  V.  V.  Dokuchaev  Soil  Science  Institute  of 
Russian  Academy  of  Agricultural  Sciences.  p.  236.  [In  Russian]. 

29.  Busorgina  N.  A.  2002.  Magnetic  susceptibility  of  soils  ofthe  Middle  Cis-Ural  region  as  their  genetic  and  diagnostic  indicator: 
Synopsis  Dis.  PhD.  agric.  sci.,  Ufa.  p.  23.  [In  Russian]. 

30.  Obydenova  L.  E.  2013.  Magnetic  susceptibility  of  soils  of  the  Middle  Cis-Ural  region  as  an  indicator  of  an  agroecological 
estimation  oftheir properties:  Synopsis  Dis.  PhD.  biol.  sci.,  Moscow.  p.  23.  [In  Russian]. 

31.  ISO  11464.  1994.  Soil  Quality  -  Pretreatment  of  samples  for  physico-chemical  analysis.  p.  11. 

32.  Li  Y.,  Tian  G.,  Lindstrom  M.  J.,  Bork  H.  R.  2004.  Variation  of  surface  soil  quality  parameters  by  intensive  donkey-drawn 
tillage  on  steep  slope.  Soil  Sci.  Soc.  Am.  J.  68:  907-913. 

33.  Li  S.,  Lobb  D.  A.,  Lindstrom  M.  J.,  Earenhorst  A.  2008.  Patterns  of  water  and  tillage  erosion  on  topographically  complex 
landscapes  in  the  North  American  Great  Plains.  J.  Soil  Water  Conserv.  63(1):  37-46.  doi:  10. 2489/jswc. 63. 1.37. 5730 


Impact  Eactor  (JCC):  6.8765 


NAAS  Rating:  3.11 


